The interaction of anticancer drug Sn(CH 3 ) 2 (N-acetyl-L-cysteinate), that is called (N-acetyl-L-cysteinato-O,S) dimethyl tin(IV),
INTRODUCTION
The chemistry of organotin(IV)s has witnessed an increased interest during the last fifty years, owing to their potential biological and industrial applications. However, some organotin(IV) compounds, which were originally modeled on the first tumor-active platinum compound, cisplatin (Barnard, 1989) , have also found their place among a class of non-platinum chemotherapeutic metallopharmaceuticals exhibiting good antitumor activity (Clarke et al., 1999; Nath et al., 2001) . In this context, diorganotin(IV) derivatives and mainly those of dialkyltin(IV) complexes from amino acids ligand are known to possess antimicrobial (Plesch et al., 1988) , antimalarial (Goldberg et al., 1997) , antiproliferative (K ِ ◌pf-*Corresponding author. E-mail: m_monajjemi@yahoo.com.
Maier and K ِ ◌pf, 1987), chemotherapeutic (Wang et al., 2005) , radiopharmaceutical (Wang and Meng, 2006) , insulin-mimetic (Pessoa et al., 1999) and fungicidal (Eng et al., 1996) activities. Further, tin(IV) complexes characterized by the presence of amino acid ligands have proved to be cytotoxic against the breast adenocarcinoma tumor MCF-7, the colon carcinoma (Gielen, 1996) and hepatocarcinoma HCC Hep G2 cancer (Pellerito et al., 2010) . Girasolo et al. (2010) reported the antitumor activity of organotin(IV) complexes containing L-Arginine, Nα-t-Boc-L-Arginine and L-Alanyl-L-Arginine against the human colon-rectal carcinoma HT29, observing that for all these complexes, cytotoxic activity was higher than that exerted by cisplatin (Girasolo et al., 2010) . Tzimopoulos et al. (2010) reported the results of a screening on wide range of triorganotin aminobenzoates in the K562 myelogenous leukaemia, Table 1 . Calculated relative energy (Kcal/mol) and dipole moments (µ in Debye) of the Sn(CH3)2(N-acetyl-L-cysteinate)-CNT complex obtained at (LanL2DZ+STO-3G) and (LanL2DZ+6-31G) levels.
Basis set
Gas phase Water Methanol Ethanol E (Kcal/mol) Sto-3G -1528418.194926134883 -1528361.926661349704 -1528365.446429708648 -1528364.908184099206 6-31G -1546711.056411545919 -1546663.537831896343 -1546664.499741357760 -1546664 HeLa cervical cancer and HepG2 hepatocellular carcinoma cells, observing that for triorganotin complexes containing aminobenzoates, cytotoxic activity was better than cisplatin and some triorganotin carboxylates drugs (Tzimopoulos et al., 2010) . Furthermore, The cytotoxic activity of diorganotin(IV) N-acetyl-L-cysteinate complexes towards human hepatocarcinoma HCC Hep G2 cells were studied (Pellerito et al., 2010) . In the case at hand, since the discovery of carbon nanotubes (CNTs) (Iijima, 1991) , they have been considered as the ideal material for a variety of applications owing to their unique properties. These properties include their potential biocompatibility in pharmaceutical drug delivery systems and their excellent role as drug carriers with a highly siteselective delivery and sensitivity (Bianco et al., 2005; Popov et al., 2007; Banerjee et al., 2005; Pastorin et al., 2006; Klumpp et al., 2006; Kostarelos et al., 2007; Raffa et al., 2008; Zhang et al., 2009; Monajjemi et al., 2009; . To accelerate the optimal development of CNT as a new effective drug transporter, it is required to better understand the structural properties of the drug-CNT complex. In this paper, we report a computational study of the interaction between diorganotin(IV) complexes of N-acetyl-L-cysteine (H2NAC; (R)-2-acetamido-3-sulfanylpropanoic acid) whit CNT. We perform a full geometrical, energetical, nuclear magnetic resonase and vibrational analysis of Sn(CH 3 ) 2 (NAC)-CNT with different basis set to elucidate the effect of site-specific of these systems. The aim of this study was to investigate the stability of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate-CNT at physiological conditions (temperature, solvent, etc.) and examine the effect of dielectric constant on stability of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate) -CNT complex.
COMPUTATIONAL METHODS
The quantum chemical computations in this work were carried out using Gaussian 98 software package (Frisch et al., 2004) . Geometries of Sn(CH3)2(N-acetyl-L-cysteinate)-CNT complex were optimized in gas phase using the Hartree-Fock method. We used the STO-3G and 6-31G basis sets for all the atoms except for tin, for which the Lanl2DZ Hay and Wadt, 1985) basis set was used. Moreover, vibrational frequencies were calculated in gas phase on the optimized geometries at the same level of theory to obtain the thermal and enthalpy corrections as well as ∆G, that is, the free energy changes of interaction and entropy at physiological temperature. The gauge including atomic orbital (GIAO) and continuous set of gauge transformations (CSGT) methods (Wrackmeyer, 1985; Ditchfield, 1972; Pulay et al., 1990; Keith and Bader, 1993) were applied to the optimized structures to achieve anisotropic chemical shift tensor (∆σ) and asymmetry parameter (η). To obtain an estimation of the solvation effects, single point calculations were also conducted on the gasphase optimized geometries using a self-consistent reaction-field (SCRF) model (Miertus et al., 1981; Miertus and Tomasi, 1982; Monajjemi and Chahkandi, 2005; Monajjemi et al., 2011) . Therefore, all calculations were repeated in various solvents, such as water (ε = 78.39), methanol (ε = 32.63) and ethanol (ε = 24.55). It should be noted that according to structure of Sn(CH3)2(N-acetyl-L-cysteinate)-CNT complex and number of atoms (86 atoms), our computers are not enough modern to run this heavy molecule. We have not aimed with heavier basis set than 6-31G basis set.
RESULTS AND DICUSSION

Molecular geometry
The optimized HF/(LanL2DZ+6-31G) structures for the Sn(CH 3 ) 2 (N-acetyl-L-cysteinate) and Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT complex are displayed in Figure 1 . Also, Table 1 depicts the calculated relative energy (kcal/mol) and dipole moments (Debye) in gas phase and solvent phases. From Table 1 , we can see that whit increasing dielectric constant (ε) of solvents, the calculated energy of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT complex decreases. The plot of µ versus 1/ε in both gas phase and in solution is shown in Figure 2 . As can be seen from Figure 2 , whit increasing dielectric constant (ε) of solvents, the dipole moment (µ) of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT increases.
Calculated NMR parameters
The calculated anisotropic chemical shift tensor (∆σ), total atomic charge and asymmetry parameter (η) for selected atoms of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT complex in both gas phase and in solution at GIAO and CSGT methods are specified in Table 2 . The graphs of calculated anisotropic chemical shift tensor (∆σ), asymmetry parameter (η) and total atomic charge versus the atomic number are also drawn in Figure 3a to c, respectively. As shown in Figure 3 , the Sn-35 nucleus has maximum total atomic charge and low ∆σ values in ). Further, Tin atom has large amounts of asymmetry parameter (η) in both gas phase and in solution (Figure 3b ). The results in solution indicate that the anisotropic chemical shift tensor (∆σ) of Sn-35 decreases in the order, gas phase > ethanol > methanol > water, and also asymmetry parameter (η) at the site of Sn-35 decreases in the order, ethanol > methanol > water > gas phase (Figure 3a and b) . The observed changes can be due to the presence of the solvent molecule in the tin inner coordination sphere. Since sulfur atom possess negative and tin atom has positive charges (Figure 3c ), this difference in the charges leads to a larger anisotropic chemical shift tensor (∆σ) for the sulfur atom (Figure 3a) . The results in Figure 3a show that, with increase of dielectric constant from gas phase to water, the ∆σ at the site of sulfur atom decreases. In addition, Figure 3b indicates that asymmetry parameter (η) of S-27 in solution are larger than gas phase. The observed effect is probably due to the nonspecific solute-solvent interaction (such as polarisability/polarity) at the site of S-27 nucleus. Since N-5 is more negative than S-27 (Figure 3c ), N-5 nucleus has the lower ∆σ value than the S-27 nucleus (Figure 3a) . Also, Figure 3b shows that η for N-5 has minimum value. The results in the solution show that with increasing dielectric constant of solvent, the ∆σ and η values of N-5 atom decrease (Figure 3a and b). It can be said that the NMR (∆σ , η) parameters at the site of N-5 nucleus are significantly influenced by intermolecular hydrogen-bonding interactions. Since carbon atoms (C-2 and C-3) are more positive than N-5 (Figure 3c ), the ∆σ values at the sites of C-2 and C-3 are greater than the N-5 nucleus ( Figure 3a) . As shown in Figure  3b , the η values for the carbon atoms are larger than nitrogen atom. The results in solution show that with increasing dielectric constant of solvent, the ∆σ and η values of C-2 atom increase ( Figure  3a and b) . Moreover, with increasing dielectric constant of solvent, the ∆σ value at the site of C-3 increases (Figure 3a) . The observed effect is probably due to the intermolecular hydrogenbonding interactions at the sites of carbon nuclei. The results in Figure 3b indicate that the η values of C-3 are larger than that of C-2. Also, since the ∆σ constants for the C-2 are larger than ∆σ values for the C-3 (Figure 3a) , it seems that the C-3 is more shielded than the C-2 nucleus. Since the electrostatic properties are mainly dependent on the electronic densities at the sites of nuclei, oxygen plays a significantly different role among the other nuclei (S, C, Sn and N atoms). Total atomic charge for O-23 nucleus is minimum, meaning O-23 nucleus has maximum electron shielding (Figure 3c ). This leads to a minimum anisotropic chemical shift tensor (∆σ) at the site of O-23 atom (Figure 3a) . Also, Figure 3b shows that O-23 has small amounts of η in both gas phase and solution. The results in Figure 3a indicate that, the anisotropic chemical shift tensor (∆σ) at the site of O-23 decreases in the order methanol > ethanol > water > gas phase. Meaning O-23 nucleus has maximum electron shielding in gas phase, but the quantity is minimum in methanol. In addition, Figure 3b indicates that asymmetry parameter (η) of O-23 in the solution are larger than gas phase. In this regard, it seems that the NMR (∆σ , η) parameters at the site of O-23 nucleus are significantly influenced by intermolecular hydrogen-bonding interactions. On the other hand, Figure 3c shows that O-23 posses more negative than O-24 nucleus. This difference in the total atomic charge values lead to a maximum anisotropic chemical shift tensor (∆σ) at the site of O-24 atom (Figure 3a) . The results in the solution indicate that the anisotropic chemical shift tensor (∆σ) of O-24 decreases in the order ethanol > methanol > water > gas phase. Meaning O-24 nucleus has maximum electron shielding in gas phase, but the quantity is minimum in methanol. In addition, Figure 3b indicates that asymmetry parameter (η) of O-24 in gas phase are larger than solution. It can be said that the NMR (∆σ , η) parameters at the site of O-24 nucleus are significantly influenced by intermolecular hydrogen-bonding interactions. As shown in Figure 3b , O-1 nucleus has large amounts of anisotropic chemical shift tensor (∆σ) in gas phase, but the quantity is smaller in methanol. Moreover, with increase of dielectric constant from gas phase to water, the asymmetry parameter (η) at the site of O-1 decreases ( Figure  3b ). The observed effect is probably due to the Table 3 displays the calculated relative energies (∆E), enthalpies (∆H) and free Gibbs energies (∆G) as well as entropy (∆S) in both gas phase and in solution, for Sn(CH 3 ) 2 (NAC)-CNT complex at the physiological temperature. In addition, the plots of calculated relative energies (∆E), enthalpies (∆H) and entropy (∆S) as well as free Gibbs energies (∆G) versus the physiological temperature are drown in Figure 4a to d, respectively.
Thermodynamic analysis
From Table 3 and Figure 4 , it can be seen that Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT complex has negative values of relative energies (∆E), enthalpies (∆H) and free Gibbs energies (∆G) in both gas phase and in solution. Also, our results in Table 3 and Figure 4c show that entropy (∆S) for Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT system has positive values. These observations can be related to the structural stability of the Sn(CH 3 ) 2 (Nacetyl-L-cysteinate)-CNT in both gas phase and in solution.
The results in Figure 4 show that, with increase of dielectric constant from gas phase to water, the stability of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT complex decreases. 2. Sn-35 has maximum total atomic charge, but the quantity in the O-23 nucleus is minimum. 3. The NMR (∆σ , η) parameters at the sites of nitrogen, oxygen as well as C-2 and C-3 are significantly influenced by intermolecular hydrogen-bonding interactions, interactions, but the quantity at the site of S-27 is influenced by nonspecific solute-solvent interaction, such as polarisability/polarity. 4. The thermodynamic analysis shows that with increase of dielectric constant from gas phase to water, the stability of Sn(CH 3 ) 2 (N-acetyl-L-cysteinate)-CNT complex decreases.
